Objective: To evaluate the role of serum osteoprotegerin (OPG) as a biochemical marker for disease activity assessment and drug monitoring in patients with rheumatoid arthritis (RA) treated with cyclical etidronate. Design: Forty patients (35 women and 5 men) with RA of , 5 years duration were randomized to receive intermittent cyclical etidronate therapy in conjunction with anti-rheumatic therapy or anti-rheumatic therapy alone (without etidronate) in a 2-year, open-label protocol. Methods: Radiographs of hands and feet and serum samples for the determination of OPG, amino terminal propeptide (PINP), cross-linked C-telopeptide (ICTP) and amino terminal telopeptid of type I collagen were obtained at baseline and at 24 months. Results: Etidronate treatment had no effect on circulating OPG levels, although the significant decline in PINP and ICTP (P ¼ 0:001 and P ¼ 0:04 respectively) reflected the efficacy of the anti-resorptive therapy. At baseline and at study termination, serum OPG correlated significantly with age (r ¼ 0:45; P ¼ 0:003 and r ¼ 0:56; P ¼ 0:0002 respectively). OPG was not related to biochemical markers of bone metabolism, indices of disease activity or radiographic disease progression. At baseline, the mean serum OPG was higher in patients receiving 5-10 mg/day prednisone ð82:8^4:0 pg=ml; n ¼ 16Þ compared with those receiving ,5 mg/day or with no prednisone ð69:7^4:7 pg=ml; n ¼ 23Þ ðP ¼ 0:05Þ: Conclusions: Our results suggested that serum OPG measurement, perhaps because of the complexity of the regulation of the OPG, may be difficult to utilize in the evaluation of anti-resorptive therapy. Moreover, low dose corticosteroid-associated osteoporosis is probably not mediated by inhibition of OPG.
Introduction
Osteoprotegerin (OPG) is a soluble decoy receptor that binds to and inactivates receptor activator of nuclear factor-kB (RANKL), a factor essential for osteoclast development and activity. Apart from bone metabolism, the RANKL/OPG system plays an important role in the development and function of the immune system and in vascular biology. OPG is produced by a variety of tissues, including the cardiovascular system, lungs, kidneys and bones. The expression and production of OPG is modulated by many osteotropic agents, including cytokines such as tumor necrosis factor (TNF)-a and interleukin-1, and steroid and peptide hormones such as 17b-estradiol, 1,25-dihydroxyvitamin D, glucocorticoids and parathyroid hormone (1) .
While OPG deficiency has been found to be associated with osteoporosis in various animal models (1), the administration of OPG inhibits bone resorption in ovariectomized rats (2) and in postmenopausal women (3) . Abnormalities in the RANKL/OPG system have been implicated also in the pathogenesis of other metabolic bone diseases including rheumatoid arthritis (RA) (1) . In the rat adjuvant-arthritis model, administration of OPG leads to protection from destruction during the course of arthritis (4) .
These findings suggest that OPG could have an application as a potent anti-resorptive drug. However, the role of serum OPG measurement as a biochemical marker for disease activity assessment and drug monitoring has not yet been fully elucidated (5) . To evaluate the response of serum OPG to anti-resorptive therapy and the relation of serum OPG to radiographic disease progression, we analyzed the serum for OPG in RA patients from our 2-year trial with cyclical etidronate (6).
Patients and methods

Patients
We analyzed serum for OPG from our previous study assessing the effects of cyclical etidronate therapy on biochemical markers of bone metabolism and progression of radiologic joint damage in 40 RA patients of , 5 years duration (6) . The study was approved by the local Medical Ethical Committees. All 40 participants completed the study except for one patient in the etidronate group who died of pneumonia during the second year of the study and was not included in the analyses except for the baseline correlation assessments. Baseline serum sample for bone biochemistry was not obtained from one patient in the etidronate-treated group and she was excluded from those evaluations where these values were needed. Table 1 shows the characteristics of the study population. There were no statistically significant differences between the groups.
Study protocol
This has been described in detail in our previous report (6) . Briefly, upon entry to the study, the patients were randomly allocated to one of two treatment groups. The etidronate-treated group ðn ¼ 20Þ received intermittent cyclical oral etidronate disodium (a gift from Roche, Espoo, Finland) at 400 mg daily for 2 weeks every 12 -14 weeks (eight cycles in total) in conjunction with anti-rheumatic therapy. The control group ðn ¼ 20Þ received only anti-rheumatic therapy. Changes to the concomitant therapy with anti-rheumatic drugs and/or oral steroids could be made whenever considered appropriate throughout the study period in both groups.
Methods
The following disease parameters were measured: erythrocyte sedimentation rate ((ESR) Westergren method), C-reactive score (CRP) level, number of tender and swollen joints (28 joint count), patient overall assessment of current disease activity on a visual analogue scale of 0 -100 mm, and modified disease activity score (DAS28) using 28 joint counts (7). Serum samples for bone biochemistry assessments were collected at baseline and 24 months and stored at 2 20 8C. OPG concentrations were determined using a commercial sandwich enzyme immunoassay provided by Immunodiagnostik (Bensheim, Germany) (8). The lower limit of detection of this assay is 3 pg/ml. According to the manufacturer both the intra-and interassay coefficients ðn ¼ 16Þ of variation were less than 10%. Radioimmunologic assays used to measure serum N-propeptide of type I procollagen (PINP) and cross-linked C-telopeptide of type I collagen (ICTP) (Orion Diagnostica, Espoo, Finland) (9, 10) and the enzyme-linked immunosorbent method (Ostex International, Seattle, WA, USA) for the measurement of serum N-telopeptide of type I collagen (NTx) (11) have been described elsewhere. According to the manufacturers, the intra-and interassay coefficients of variation were less than 11%. All determinations were done in duplicates. Plain posteroanterior radiographs of hands and feet were obtained at baseline and at 24 months and were scored in a chronological order according to van der Heijde's modification of Sharp's method (12) by one experienced reader (L L) who was unaware of the treatment assignments.
Statistical analysis
The data are presented as means^S.E.M. if not otherwise stated. The changes in response variables from baseline to 24 months were compared between treatment groups using the Mann-Whitney U test. Categorical data were compared by chi-square test. The relation between variables was measured by estimating the Pearson product moment correlation coefficient or by using Spearman's rank correlation coefficient. The significance level was set at P , 0:05: Statistical analysis was done with SPSS-9.0 software.
Results
The effects of cyclical etidronate treatment on various disease variables have been reported previously (6) . Briefly, the mean Sharp score increased significantly in both treatment groups, by 5:7^1:5 in the etidronate-treated group and by 6:9^1:7 in the control group. Etidronate had no effect on clinical or laboratory parameters of disease activity, but caused a significant decline in both PINP and ICTP ( Table 2 ). The groups did not differ for the change in serum NTx.
At baseline and at study termination ( Fig. 1) , serum OPG correlated significantly with age (r ¼ 0:45; P ¼ 0:003 and r ¼ 0:56; P ¼ 0:0002 respectively), but not with biochemical markers of bone metabolism, indices of disease activity or radiological scores. Etidronate had no effect on circulating OPG levels ( Table 2 ). The change in serum OPG was not related to the change in biochemical markers of bone metabolism or progression of radiologic joint damage during the 2-year study (Table 3) . At baseline, the mean serum OPG was higher in patients receiving 5 -10 mg/day prednisone ð82:8^4:0 pg=ml; n ¼ 16Þ compared with those receiving , 5 mg/day or with no prednisone ð69:7^4:7 pg=ml; n ¼ 23Þ ðP ¼ 0:05Þ: At baseline, serum OPG correlated positively with prednisone dose (Spearman's r ¼ 0:36; P ¼ 0:02Þ:
Discussion
In a study from Japan (13) conducted in 186 postmenopausal women, OPG serum levels correlated positively with biochemical markers of bone turnover and negatively with bone mineral density (BMD). Although these findings were not confirmed by Szulc et al. (8) in a cohort of 252 healthy men, a generally accepted hypothesis is that OPG levels may increase with increases in bone turnover, possibly as a compensatory mechanism (14) . Consequently, etidronate with its demonstrated efficacy in the treatment of postmenopausal (15) as well as in steroid-induced (16) osteoporosis could have been expected to decrease serum OPG. In fact, serum OPG slightly increased in the etidronate-treated patients, despite the probable inhibition of bone resorption in this group as suggested by the significant decline in serum ICTP and PINP (17) . However, in vitro bisphosphonates increase OPG expression in human osteoblasts (18) , and therefore a direct effect of etidronate on OPG production in bone tissue cannot be excluded. Recently Ziolkowska et al. (19) reported normalization of elevated serum OPG levels in RA patients after treatment with anti-TNFa therapy but, similar to our results, they did not find a correlation between clinical disease activity (DAS28) and serum OPG. Here we have described a lack of correlation between serum OPG and radiographic disease progression. In our cohort of RA patients, age was the only parameter that was significantly related to serum OPG. The age-related increase of OPG found in most previous studies possibly represents a compensatory mechanism against age-dependent bone loss. Decreased clearance of OPG with age, however, has been proposed as an alternative explanation (14) for this finding.
Our study had some potential limitations. The number of patients was small and the study did not include serial BMD measurements. Determination of RANKL serum levels might have added to the information from this trial. The RANKL:OPG ratio might show greater utility for the assessment of the efficacy of anti-resorptive therapy than serum OPG alone. 
Pearson product moment correlation coefficient (r) was calculated for normally distributed parameters and Spearman's rank order correlation (r s ) for non-normally distributed data (ICTP, JSN). SHS, Sharp score as modified by van der Heijde (12); JSN score, joint space narrowing score. Figure 1 Correlation between serum levels of OPG and age in 39 RA patients.
Glucocorticoids inhibit OPG production in human osteoblastic linage cells (20) and Sasaki et al. (21) reported that high-dose systemic glucocorticoid therapy with a mean initial dose of 43.8 mg/day led to decreased OPG serum levels. OPG levels remained suppressed after 6 months of therapy when the mean daily prednisone dose had been lowered to 16.5 mg. These findings are in contrast to our results and the observation that serum OPG is elevated in patients with Cushing's syndrome (22) . Possibly prednisone doses higher than 10 mg/day are needed to inhibit OPG production in vivo. At lower doses, other mechanisms lead to negative balance between bone formation and resorption (23) and the elevated OPG levels may represent an insufficient counter-regulatory mechanism to prevent bone loss.
The central role of the RANKL/OPG system in the regulation of bone cell biology is well established. Our results suggest, however, that serum OPG measurement may be difficult to utilize in the evaluation of antiresorptive therapy. This is probably due to the ubiquitous origin of OPG and the complexity of its regulation.
